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(57) ABSTRACT

In at least one embodiment of the organic optoelectronic
component (1), the latter comprises a carrier (2) and a first
electrode (11), which is mounted on the carrier (2). Further-
more, the component (1) contains at least one organic layer
sequence (3) with at least one organic active layer (33).
Furthermore, the component (1) comprises a second elec-
trode (22), such that the organic layer sequence (3) is located
between the first electrode (11) and the second electrode
(22). At least one dark region (4) and at least one bright
region (5) are formed in a lateral direction. In both the dark
region (4) and the bright region (5), both the first electrode
(11) and the second electrode (22) and also the organic layer
sequence (3) are applied to the carrier (2) in places or over
the entire surface. A first reflectivity of the dark region (4)
differs from a second reflectivity of the bright region (5) by
at most 15 percentage points.
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1
ORGANIC OPTOELECTRONIC
COMPONENT AND METHOD FOR
PRODUCING AN ORGANIC
OPTOELECTRONIC COMPONENT

RELATED APPLICATION

This is a U.S. National Stage of International Application
No. PCT/EP2010/053844, filed on 24 Mar. 2010 and claims
priority on German Application No. 10 2009 015 574.0 filed
on 30 Mar. 2009, and No. 102009 022 902.7 filed on 27 May
2009, the disclosure content of both of which is hereby
incorporated by reference.

FIELD OF THE INVENTION

An organic optoelectronic component is provided. A
method of producing an organic optoelectronic component
is additionally provided.

SUMMARY OF THE INVENTION

An object of the invention is to provide an organic
optoelectronic component which comprises bright regions
and dark regions, which are not outwardly distinguishable
when the component is not in operation. A further object is
to provide a method of producing such an organic compo-
nent.

According to at least one embodiment of the organic
component, the latter comprises a carrier. The carrier serves
to support the component mechanically. The component
may thus be mechanically stabilised by way of the carrier.
The carrier may comprise one of the following materials or
consist of one of the following materials: glass, glass film,
quartz, plastics, plastics film, metal, metal foil, silicon. The
substrate is preferably transparent or translucent throughout
or in places to electromagnetic radiation to be emitted by the
component.

According to at least one embodiment of the component,
a first electrode is mounted on the carrier. The first electrode
may be in direct, immediate contact with the carrier. It is
likewise possible for at least one interlayer to be mounted in
places or over the entire surface between the carrier and the
first electrode. The interlayer allows a surface characteristic
of the carrier to be adapted to the first electrode. For
example, the interlayer serves to promote adhesion between
the carrier and the first electrode. The interlayer also allows
roughness of a surface of the carrier to be reduced. If an
interlayer is present, it is preferably transparent or translu-
cent with regard to the radiation to be emitted by the
component.

According to at least one embodiment of the component,
the first electrode is transmissive, preferably transparent, to
the radiation to be emitted by the component. For example,
the first electrode takes the form of an anode. The first
electrode then serves as a hole-injecting material. The first
electrode consists for example of a transparent conductive
oxide. Suitable materials are inter alia zinc oxide, tin oxide,
cadmium oxide, titanium oxide, indium oxide, indium-zinc
oxide or indium-tin oxide. The material of the first electrode
may comprise dopants and be p-doped or n-doped at least in
places.

According to at least one embodiment of the component,
an organic layer sequence is applied to a major side of the
first electrode remote from the carrier. The organic layer
sequence comprises at least one organic active layer. The
active layer is designed such that when the component is in
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operation it generates the electromagnetic radiation to be
emitted. A wavelength of the radiation lies in the spectral
range between 200 nm and 3000 nm, preferably between
350 nm and 850 nm. Visible radiation in particular is
generated in the active layer when in operation.

According to at least one embodiment of the component,
the organic layer sequence comprises at least one charge
carrier transport layer and/or one charge carrier injection
layer and/or one charge carrier stop layer in addition to the
at least one organic active layer.

According to at least one embodiment of the component,
the organic active layer comprises at least one organic
polymer, one organic oligomer, one organic monomer, small
organic non-polymeric molecules or a combination thereof.

According to at least one embodiment of the component,
a second electrode is applied to a side of the organic layer
sequence remote from the carrier. The organic layer
sequence is thus located between the first electrode and the
second electrode. The second electrode takes the form of a
cathode, for example. In particular, the second electrode
comprises one of the following materials or consists of such
a material: aluminium, barium, indium, silver, gold, mag-
nesium, calcium, lithium, steel. The second electrode is
preferably opaque to and/or reflective for the radiation
generated in the organic layer sequence. It is possible for the
second electrode, in addition to the carrier, to stabilise the
component mechanically.

According to at least one embodiment of the component,
the latter comprises a radiation passage face. The radiation
passage face may be a boundary face of the component,
through which the radiation generated in the active layer or
some or a majority of this radiation leaves the component.
For example, the radiation passage face is formed by a major
side of the carrier remote from the organic layer sequence.
The radiation passage face may also take the form of a
coating with for example an antireflective effect on this
major side of the carrier.

According to at least one embodiment of the organic
component, at least one dark region and at least one bright
region are formed in a lateral direction. Lateral means in
particular along at least one main direction of extension of
the organic component. The bright region is here a region of
the radiation passage face of the component in which a
greater radiant power is emitted per unit area than in the dark
region. Thus, in plan view of the component in particular the
bright region appears brighter than the dark region when the
component is in operation. The component preferably com-
prises a plurality of bright regions and a plurality of dark
regions. The bright regions and the dark regions are here in
each case continuous areas of the radiation passage face of
the component.

According to at least one embodiment of the component,
the first and the second electrode and the organic layer
sequence are applied to the carrier throughout or in places
both in the at least one dark region and in the at least one
bright region. In other words, both the bright region and the
dark region then comprise the same components with regard
to the electrodes and the organic layer sequence. For
example, the second electrode and the organic layer
sequence are made identically both in the bright region and
in the dark region, within the bounds of manufacturing
tolerances. For example, the first electrode is likewise a
layer extending in particular continuously over the dark
region and the bright region with a thickness which is
preferably constant within the bounds of manufacturing
tolerances, i.e. the patterning of the radiation passage face
into bright and dark regions is not achieved by shaping or



US 9,466,797 B2

3

geometric configuration of the first electrode, the second
electrode and the organic layer sequence.

According to at least one embodiment of the organic
component, the latter exhibits a first reflectivity of the dark
region. For example, the first reflectivity is a reflectivity of
the radiation passage face in the dark region. The component
accordingly exhibits a second reflectivity of the bright
region, which for example is a reflectivity of the radiation
passage face in the bright region.

According to at least one embodiment of the organic
component, the first reflectivity of the dark region differs
from the second reflectivity of the bright region by at most
15 percentage points, preferably by at most 10 percentage
points, in particular by at most 5 percentage points. In other
words, a reflectivity at the radiation passage face in the
bright region and a reflectivity at the radiation passage face
in the dark region are virtually identical or, preferably,
identical within the bounds of manufacturing tolerances.

The reflectivity is for example in each case the quotient of
an incident radiant power and a reflected, emergent radiant
power. To determine reflectivity, the light output which
impinges on the radiation passage face is thus for example
measured and compared with a light output reflected by the
radiation passage face. If the first reflectivity of the dark
region amounts to 15% for example, the second reflectivity
of the bright region is preferably between 10% and 20%
inclusive.

In at least one embodiment of the organic optoelectronic
component, the latter comprises a carrier and a first elec-
trode, which is mounted on the carrier. Furthermore, the
component contains at least one organic layer sequence with
at least one organic active layer. Furthermore, the compo-
nent comprises a second electrode, such that the organic
layer sequence is located between the first electrode and the
second electrode. At least one dark region and at least one
bright region are formed in a lateral direction. In both the
dark region and the bright region, both the first electrode and
the second electrode and also the organic layer sequence are
applied to the carrier in places or over the entire surface. A
first reflectivity of the dark region differs from a second
reflectivity of the bright region by at most 15 percentage
points.

By way of the at least one bright region and the at least
one dark region, a pattern and/or a inscription and/or a
symbol may be displayed when the component is in opera-
tion. The bright regions form bright, luminous regions for
instance of the pattern. A contrast to the bright regions is
formed by means of the non-luminous or more weakly
luminous dark regions. Because the first reflectivity of the
dark region and the second reflectivity of the bright region
are virtually identical, it is possible for instance for the
pattern displayed when the component is in operation not to
be visible apart from when the component is in operation. In
other words, when the component is not in operation the
radiation passage face of the component in particular may
appear homogeneous and unpatterned when the component
is viewed from outside with the naked eye. That is to say that
when the component is not in operation the pattern cannot be
discerned by an observer.

According to at least one embodiment of the component,
a monolayer with self-assembling molecules is applied in
the at least one dark region to a major face of the first
electrode remote from the carrier. The monolayer is applied
in particular only in the dark region, such that the bright
region lacks the monolayer. The entire dark region is pref-
erably covered by the monolayer. In other words, dark
regions may be solely where the monolayer is produced on
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the organic layer sequence, in particular in a direction
perpendicular to the major face of the first electrode. Mono-
layer preferably means that the layer thickness of the mol-
ecules on the major side amounts to precisely just one
molecule. Accordingly, preferably no identical molecules
are located one above the other in the monolayer.

The monolayer is thus located between the first electrode
and the organic layer sequence. The monolayer may for
example be applied to the first electrode using a printing
process. An achievable feature size for the monolayer
amounts, in a lateral direction, to for example 100 um, in
particular 25 um. The feature size is preferably only limited
by the spatial resolution of a printing method used for
example to produce the monolayer. In other words, very fine
monolayer patterns may be produced.

According to at least one embodiment of the organic
component, the monolayer is colourless. In other words, an
absorption coefficient and/or a reflection coefficient of the
monolayer is virtually independent of the wavelength in the
visible spectral range. For example, the absorption coeffi-
cient and/or the reflection coefficient is constant in the
spectral range between 470 nm and 650 nm to a difference
of 10 percentage points, in particular to a difference of 3
percentage points. For example the absorption coefficient is
between 0% and 10% inclusive, in particular between 0.01%
and 3% inclusive.

According to at least one embodiment of the organic
component, the monolayer is electrically insulating. In a
direction perpendicular to the first electrode, therefore, no
current flows through the monolayer when the component is
in operation. The organic layer sequence exhibiting negli-
gible electrical transverse conductivity, radiation in the
organic layer sequence is produced only in those regions in
which no monolayer has been applied. The monolayer
preferably comprises a breakdown voltage of at least 1
MV/cm, in particular of at least 30 MV/cm, in a direction
perpendicular to the first electrode.

According to at least one embodiment of the organic
component, the thickness of the monolayer, in a direction
perpendicular to the first electrode, is between 0.5 nm and
5.0 nm inclusive, in particular between 1.0 nm and 3.0 nm
inclusive. The monolayer is thus very thin compared to a
wavelength of a radiation generated in the organic layer
sequence. The monolayer therefore has no or only a negli-
gible effect on the optical characteristics of the component,
in particular on the optical refractive index.

According to at least one embodiment of the organic
component, the monolayer is formed with molecules or
consists of those molecules which comprise long aliphatic
chains and include a phosphate group, silicate group, car-
bonyl acid group, trichlorosilane group or a similar group as
head group. Alternatively or in addition, the molecules of the
monolayer may also contain large groups with a conjugated
ring system, such as benzene or cyclopentane. Examples of
such molecules are 2[(trimethyloxysily)ethyl|benzene or
3-[2-(trimethyloxysily)ethyl|pyridine.

According to at least one embodiment of the organic
component, the carrier comprises a roughening in the dark
region on a side facing the layer sequence. In other words,
the side of the carrier facing the layer sequence is virtually
smooth in the bright region and purposefully rough in the
dark region. The roughening is thus located between the
carrier and the first electrode.

According to at least one embodiment of the organic
component, the radiation passage face is identical in nature,
within the bounds of manufacturing tolerances, in the bright
region and in the dark region, for example with regard to
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roughness. In other words, the side of the carrier remote
from the organic layer sequence is in particular not pat-
terned.

According to at least one embodiment of the organic
component, the average roughness of the roughening
amounts to between 5 nm and 1 um inclusive, in particular
between 20 nm and 500 nm inclusive. The roughening thus
exhibits in particular an average roughness which is less
than or equal to a wavelength of the radiation generated in
the organic layer sequence.

According to at least one embodiment of the organic
component, the roughening and/or the dark region com-
prises a lateral feature size of at least 1 mm, in particular of
at least 3 mm. In other words, the roughening, and thus
preferably also the dark region, extends by at least the stated
values in one or two directions. The roughening may thus be
of an extensive nature.

According to at least one embodiment of the organic
component, the roughening of the carrier is formed in the
dark region by groove- or channel-like structures, which
have an average depth corresponding to the average rough-
ness. Groove-like may mean that the average length exceeds
the average width of the structures by at least ten times.

According to at least one embodiment of the organic
component, an interlayer is located between the carrier and
the first electrode. The interlayer preferably has a refractive
index which differs from that of the carrier by at most 0.1,
in particular by at most 0.05. If the refractive index of the
carrier amounts for example to 1.50, the refractive index of
the interlayer is preferably between 1.45 and 1.55. For
example, the interlayer is an oxide layer, in particular a
silicon dioxide layer.

According to at least one embodiment of the organic
component, the thickness of the interlayer, in a direction
perpendicular to the first electrode, is between 10 nm and
200 nm inclusive, in particular between 15 nm and 40 nm
inclusive. If the interlayer is mounted over the roughening,
a side of the interlayer remote from the carrier is preferably
smoother than the carrier in the region of the roughening.
The average thickness of the interlayer may lie in the range
of the average roughness of the roughening of the carrier.

According to at least one embodiment of the organic
component, the average radiant power per unit area of the at
least one dark region amounts to at most 60%, in particular
at most 45%, of the average radiant power per unit area of
the at least one bright region. For example, virtually no
radiant power is emitted in the dark region. It is likewise
possible for the radiant power per unit area of the dark
region to amount to between 1% and 60% inclusive of that
of the bright region, preferably to between 2% and 45%
inclusive, in particular between 4% and 30% inclusive.

According to at least one embodiment of the organic
component, the carrier is formed with a glass, the first
electrode with a conductive transparent oxide and the second
electrode with a metal or they consist of the stated materials.
The radiation generated in the organic layer sequence thus
passes through the carrier and is emitted in particular at a
major side of the carrier remote from the organic layer
sequence.

According to at least one embodiment of the organic
component, a major face of the first electrode, which is
remote from the carrier, exhibits a higher work function in
the at least one dark region than in the at least one bright
region. The work function is for example the minimum
energy required to convey a charge carrier such as an
electron from a point inside the first electrode to a point
outside the surface of the first electrode. The work function
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of'the first electrode differs in the dark region from the work
function in the bright region for example by at least 0.10 eV,
preferably by at least 0.25 eV, in particular by at least 0.40
eV. An absolute value of the work function is here preferably
between 4.0 eV and 5.0 eV inclusive, in particular around
4.5 eV. The work function is preferably not modified by
applying a separate coating, for example with a thin, in
particular single-ply layer of organic molecules. In other
words, the first electrode is then free of such a separate
coating which influences the work function.

A method of producing an optoelectronic organic com-
ponent is additionally provided. For example, the method
may be used to produce an optoelectronic organic compo-
nent as described in relation to one or more of the above-
stated embodiments. Features of the organic optoelectronic
component are therefore also disclosed for the method
described herein and vice versa.

In at least one embodiment of the method, the latter
comprises the following steps:

providing a carrier with a first electrode,

applying a photosensitive material to the first electrode

and exposing it apart from in a zone,

removing the photosensitive material, wherein the thick-

ness of the first electrode remains unchanged within the
bounds of manufacturing tolerances,
applying a further photosensitive material to the first
electrode and exposing it apart from in a sub-region,

removing the further photosensitive material, and

producing an organic layer sequence with at least one
organic active layer and a second electrode at least on
the first electrode. In this case, a work function at a
major face of the first electrode remote from the carrier
is preferably decreased in at least one overlap zone, in
which the zone and the sub-region overlap, compared
with the other regions of the first electrode.

In other words, in a method step a photoresist is for
instance applied to the first electrode, and the photoresist is
exposed at least in places. The photoresist is then removed
for example after development, wherein the first electrode
does not need to be patterned. In another step of the method,
a further photosensitive material, for instance a photoresist,
is applied to the first electrode, exposed and in particular
also developed. The first electrode may optionally be pat-
terned by removal of the second photoresist at least in
places. It is likewise possible for the second photoresist to be
removed again without the first electrode being patterned by
the removal of material.

The at least one bright region is then formed by a region
of the first electrode in which photosensitive material has
twice been applied and removed again and which has not
undergone any exposure of the photosensitive material. It is
at the same time assumed that by applying the photosensi-
tive, unexposed material twice, removing it twice and pref-
erably also developing it twice, the work function of the first
electrode may be decreased. The decreased work function in
turn results in the thus treated region appearing brighter
when the component produced is in operation.

According to at least one embodiment of the method, the
first electrode is formed with indium-tin oxide or consists of
indium-tin oxide. Furthermore, the photosensitive material
and/or the further photosensitive material is removed by
ashing with an O, plasma and/or by rinsing with a solvent.

According to at least one embodiment of the method, in
an additional method step between the step of exposing the
further photosensitive material and the step of removing the
further photosensitive material a material of the first elec-
trode is completely or partly removed apart from in the
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sub-region in which the further photosensitive material was
not exposed. In other words, the first electrode is patterned
by means of a mask formed by the further photosensitive
material, wherein the patterning takes place by material
removal, for example removal by etching, of the first elec-
trode apart from in the sub-region.

According to at least one embodiment of the method, at
least one bright region is formed by the overlap region in
which the sub-region and the zone overlap. The bright
region thus constitutes at least one region of the first
electrode,

in which a photosensitive material has been applied twice

to the first electrode,

which has not been exposed,

in which the photosensitive materials have in each case

been removed again, and

in which the photosensitive materials have preferably in

each case also been developed.

According to at least one embodiment of the method, at
least one dark region is formed in the regions of the first
electrode which do not belong to the sub-region. The at least
one bright region and the at least one dark region do not
therefore differ in the thickness or material composition of
the first electrode, but rather preferably merely in a work
function at a major side of the first electrode remote from the
carrier.

According to at least one embodiment of the method, the
first electrode is formed of indium-tin oxide, ITO for short,
or consists of ITO. Exposure of the photosensitive material
and the further photosensitive material takes place at wave-
lengths of between 240 nm and 380 nm inclusive. In each
case a positive photoresist is preferably used as the photo-
sensitive material. Development of both the photosensitive
material and the further photosensitive material preferably
takes place in particular in the bright region.

According to at least one embodiment of the method, the
photosensitive materials are removed completely. In other
words, the finished, organic component is then free of the
photosensitive materials.

Some of the fields of application in which organic com-
ponents described herein may be used are for instance the
backlighting of displays or display means. Furthermore,
optoelectronic components described herein may be used in
lighting devices for projection purposes, in floodlights or
spotlights or for general lighting.

A component described herein and a method described
herein will be explained in greater detail below with refer-
ence to the drawings and with the aid of exemplary embodi-
ments. Elements which are the same in the individual figures
are indicated with the same reference numerals. The rela-
tionships between the elements are not shown to scale,
however, but rather individual elements may be shown
exaggeratedly large to assist in understanding.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional representation of an
exemplary embodiment of an organic optoelectronic com-
ponent described herein,

FIG. 2 is a schematic illustration of determination of the
reflectivity of bright regions and dark regions,

FIGS. 3 to 4 are schematic sectional representations of
further exemplary embodiments of organic components
described herein, and
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FIG. 5 is a schematic representation of an exemplary
embodiment of a method described herein for producing an
organic optoelectronic component described herein.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary embodiment of an organic
optoelectronic component 1. A first electrode 11 is applied to
a major side 20 of a carrier 2. An organic layer sequence 3
with an organic active layer 33 is applied to a major face 6
of the first electrode 11 remote from the carrier 2. A second
electrode 22 is located on a side of the organic layer
sequence 3 remote from the carrier 2. When the component
1 is in operation the organic layer sequence 3 is thus
energised via the first electrode 11 and the second electrode
22. Electromagnetic radiation, preferably in the visible or
near ultraviolet spectral range, is generated in the organic
layer sequence 33 when the component 1 is in operation.

The carrier 2 for example is formed with glass or with a
glass film. The first electrode 11 consists for example of
indium-tin oxide or indium-zinc oxide. The thickness of the
carrier 2, in a direction perpendicular to the major side 20 of
the carrier 2, amounts for example to between 200 pm and
2 mm inclusive. The thickness of the first electrode 11
amounts for example to between 50 nm and 200 nm inclu-
sive, in particular around 120 nm. The refractive index of the
material of the first electrode 11 is in particular between 1.7
and 1.8 inclusive. The refractive index of the material of the
carrier 2 amounts to between approx 1.45 and 1.55. The
organic layer sequence 3 exhibits a thickness of the order of
100 nm. The thickness of the second electrode 22, which
takes the form for example of a vapour-deposited metal or
of a steel foil, is preferably in the range from 20 nm to 500
pm.
A monolayer 7 is applied in places to the major side 6 of
the first electrode 11. The monolayer 7 consists of self-
assembling molecules. For example, the monolayer 7 is
applied to the major face 6 by a printing method. The
thickness of the monolayer 7, in a direction perpendicular to
the major face 6 of the first electrode 11, amounts in
particular to between 0.5 nm and 5.0 nm. The thickness of
the monolayer 7 is thus preferably a multiple less than the
thickness of the organic layer sequence 3. The monolayer 7
is electrically insulating and optically transparent.

Since the organic layer sequence 3 exhibits only negli-
gible electrical transverse conductivity in a direction parallel
to the major face 6 of the first electrode 11, the organic active
layer 33 is energised only in those regions in which no
monolayer 7 has been applied to the first electrode 11. Those
regions in which the monolayer 7 has been applied thus
constitute dark regions 4. The regions in which no mono-
layer 7 has been applied form bright regions 5. When the
organic component 1 is in operation, the dark regions 4 are
thus markedly darker than the bright regions 5. Virtually no
electromagnetic radiation is generated in the dark regions 4
of the active layer 33 when the component 1 is in operation.

In the case of the component 1, the first electrode 11, the
organic layer sequence 3 and the second electrode 22 thus do
not differ from one another with regard to their configuration
in the dark regions 4 and in the bright regions 5. In particular
because the first electrode 11 substantially covers the entire
major side 20 of the carrier 2, when the component 1 is not
in operation a pattern of the bright regions 5 and dark
regions 4 formed by the monolayer 7 is not discernible.
Since the first electrode 11 exhibits a refractive index which
is markedly different from the carrier 2 and thus exhibits a
different reflection behaviour, in the case of a first electrode
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11 which had for example been removed in the dark regions
4 the pattern formed by the dark regions 4 and by the bright
regions 5 would be discernible when the component 1 was
not in operation.

Radiation generated in the organic layer sequence 33
leaves the component 1 through the carrier 2. A major side
of the carrier 2 remote from the first electrode 11 here forms
a radiation passage face 17. The second electrode 22 is
preferably reflective and/or opaque with regard to the radia-
tion generated in the organic layer sequence 3.

In other words, the bright regions 4 and the dark regions
5 are indistinguishable from one another when the compo-
nent 1 is not in operation and when looking at the radiation
passage face 17. If the second electrode 22 is opaque, this
means that a first reflectivity of the bright regions 4 is
virtually not different from a second reflectivity of the dark
regions 5.

The first and second reflectivities are explained in greater
detail in relation to FIG. 2. The reflectivities may be deter-
mined by determining the power of a radiation R, ;, Rs;
directed onto the radiation passage face 17 and a radiant
power of a radiation R,,, Rs, reflected at the radiation
passage face 17 in the at least one bright region 4 and in the
at least one dark region 5 and comparing them with one
another. The first reflectivity of the dark regions 4 is then the
quotient of the radiant powers R, , and R, ;. The second
reflectivity of the bright region 5 is accordingly the quotient
of the radiant powers R, , and Ry ;.

For example, the first and second reflectivities do not or
virtually do not differ from one another in the visible spectral
range, i.e. in particular between 480 nm and 640 nm, and in
an incident angle range of between 0° and 70° inclusive.

If the component 1 is transparent or radiation-transmis-
sive, transmission values of the component 1 may be deter-
mined in a similar manner in the dark regions 4 and in the
bright regions 5 as an alternative or in addition to the first
reflectivity and the second reflectivity and compared with
one another. Preferably, the transmission values in the dark
regions 4 and in the bright regions 5 and preferably also the
reflectivities thereof do not or virtually do not then differ
from one another.

The fact that the dark regions 4 and the bright regions 5
are not visually distinguishable from outside the component
1 when the component is not in operation is thus in summary
in particular the consequence of the first electrode 11 span-
ning both the dark regions 4 and the bright regions 5, and of
the monolayer 7 not or not significantly influencing the
reflectivity, the absorption and/or the transmission of radia-
tion at or through the component 1.

A further exemplary embodiment of the component 1 is
shown in FIG. 3. An interlayer 12, consisting for example of
silicon dioxide, is mounted between the first electrode 11
and the carrier 2. The thickness of the interlayer 12, in a
direction perpendicular to the major face 6 of the first
electrode 11, amounts for example to around 20 nm.

In the dark regions 4 the major side 20 of the carrier 2
exhibits roughening 8. The roughening 8 is covered by the
interlayer 12. A major side of the interlayer 12 remote from
the carrier 2 is virtually smooth. In other words the interlayer
12 may completely or partly smooth out the roughening 8 on
the carrier 2.

The first electrode 11, the second electrode 22 and the
organic layer sequence 3 are thus applied uniformly every-
where over the major side 20 of the carrier 2 within the
bounds of manufacturing tolerances. In the lateral direction
radiation is generated in the entire organic layer sequence 3
when the component 1 is in operation. The roughening 8
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effects the deflection of light away from the dark regions 4
towards the bright regions 5. In this way, an average radiant
power per unit area, which leaves the component 1 at the
radiation passage face 17, is for example 50% lower in the
dark regions 4 than in the bright regions 5. The roughening
8 has virtually no effect on the reflectivity of the radiation
passage face and the first electrode 11. When the component
1 is not in operation, the dark regions 4 are thus indistin-
guishable from the bright regions 5, when looking at the
radiation passage face 17.

The average roughness of the roughening 8 is for example
between 20 nm and 500 nm inclusive. The roughening may
be achieved for instance by laser irradiation of the major side
20 of the carrier 2 or by grinding the major side 20 with an
abrasive of a defined grain size. The roughening 8 may be
isotropic with regard to main directions of extension of the
carrier 2 or indeed for example take the form of approxi-
mately parallel channels of an average depth corresponding
to the roughness.

In the exemplary embodiment according to FIG. 4 the first
electrode 11a, 115 is again a continuous layer over the major
face 20 of the carrier 2. However, the major face 6 of the first
electrode 11a, 115 exhibits a higher work function in the
dark regions 4 than in the bright regions 5. Thus, in the dark
regions 4 fewer charge carriers are injected into the organic
layer sequence than in the bright regions 5. This makes the
dark regions 4 appear darker, since when the component 1
is in operation less radiation is generated in the dark regions
4. When the component 1 is not in operation, the dark
regions 4 cannot be distinguished from the bright regions 5
with the naked eye, when looking at the radiation passage
face 17.

The work function at the major face 6 of the first electrode
114 in the bright regions 5 and of the first electrode 11a in
the dark regions 4 may be measured for example by remov-
ing the second electrode 22 and the active layer sequence
from the first electrode 11, wherein the major face 6 of the
first electrode 11a, 115 is virtually unchanged. The work
function may then be measured locally for instance using
photoelectron emission spectroscopy.

In the exemplary embodiments according to FIGS. 1 and
4 an interlayer 12, not shown in FIGS. 1 and 4, may
optionally also be applied between the first electrode 11 and
the carrier 2.

FIG. 5 illustrates a method of producing an organic
optoelectronic component, for example according to FIG. 4.

In one method step, see FIG. 5A, the first electrode 11 is
applied to the major side 20 of the carrier 2. The first
electrode 11 consists for example of indium-tin oxide, ITO
for short.

FIG. 5B shows that a photosensitive material 9 is applied
to a major face 6 of the first electrode 11 and in particular
also developed. The thickness of the photosensitive material
9 amounts to around 2 um. The photosensitive material 9 is
preferably a positive resist, i.e. the photosensitive material 9
is at least in part destroyed or made soluble for specific
solvents by exposure, in particular after development.

The photosensitive material is for example AZ 1518 or
OCG 825. The developer for the photosensitive material is
for example MIF 350. Exposure proceeds preferably using
unfiltered ultraviolet radiation from an Hg high pressure
lamp or an HgXe high pressure lamp with a radiant power
of around 4 mW/cm? and an exposure period of around 20
s. Exposure proceeds for example only outside a zone 13 of
the first electrode 11. In FIG. 5B exposure is illustrated by
arrows.
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As shown in FIG. 5C, the photosensitive material 9 is then
removed. On removal of the photosensitive material 9, no or
no significant material removal takes place with regard to
the first electrode 11. In other words, the thickness of the first
electrode 11, in a direction perpendicular to the major side
20 of the carrier 2, is not affected by the removal of the
photosensitive material 9. Removal takes place preferably
by ashing with an oxygen plasma and by rinsing with a
solvent, for example a glycol ester.

A further photosensitive material 14 is additionally
applied to the first electrode 11, see FIG. 5D, and preferably
also developed. The further photosensitive material 14 may
also be a positive resist. The further photosensitive material
14 is also exposed apart from in a sub-region 15, as
illustrated by arrows. It is optionally also possible for the
zone 13 and/or the sub-region 15 to include the entire major
face 20 of the carrier 2, wherein exposure of the further
photosensitive material 14 may then be omitted, just as may
exposure of the photosensitive material 9.

The zone 13 of the first electrode 11, outside which
exposure of the photosensitive material 9 has already taken
place, is completely or partially enclosed by the sub-region
15. The region in which the sub-region 15 and the zone 13
overlap constitutes an overlap region 16. In the overlap
region 16 the photosensitive materials 9, 14 have thus each
been developed, but not exposed.

In a further, optional method step, see FI1G. 5E, the further
photosensitive material is removed apart from in the sub-
region 15. Furthermore, the first electrode 11 may be
removed apart from in the sub-region 15. In other words,
patterning of the first electrode 11 is achieved by removing
a material of the first electrode 11. In particular, the major
side 20 of the carrier 2 is completely bare, at least in places.

As FIG. 5F shows, the further photosensitive material 14
is then removed, without modifying the thickness of the first
electrode 11 in the sub-region 15.

By developing the photosensitive materials 9, 14 twice,
and removing them twice, the work function of the first
electrode 115 is decreased at the major face 6 in the overlap
region 16 compared with the first electrode 11a outside the
overlap region 16.

Finally, the component 1 is finished, see FIG. 5G, the
organic layer sequence 3 with the at least one active layer 33
and the second electrode 22 being applied at this point.
Application may here be effected only over the first elec-
trode 11 or, unlike what is shown in FIG. 5G, also over the
entire surface.

It is optionally possible for further layers, not shown in
FIG. 5G, to be applied, for example for encapsulation of the
component 1 and in particular of the organic layer sequence
3. It is furthermore optionally possible for an antireflective
layer for example to be applied to the radiation passage face
17.

The invention described herein is not restricted by the
description given with reference to the exemplary embodi-
ments. Rather, the invention encompasses any novel feature
and any combination of features, including in particular any
combination of features in the claims, even if this feature or
this combination is not itself explicitly indicated in the
claims or exemplary embodiments.

The invention claimed is:
1. A method of producing an organic optoelectronic
component comprising steps of:

providing a carrier with a first electrode;

applying a first photosensitive material to the first elec-
trode on a main side of the carrier and exposing the first
photosensitive material apart from a first region of the
first electrode;

completely removing the first photosensitive material, a
thickness of the first electrode remaining unchanged

10

15

20

25

35

40

45

55

60

12

over a complete area where the first photosensitive
material has been applied to the first electrode;

after completely removing the first photosensitive mate-

rial applying a further photosensitive material to the
first electrode and exposing the further photosensitive
material apart from a second region of the first elec-
trode, the second region at least partially including the
first region;

completely removing the further photosensitive material;

and

producing an organic layer sequence with at least one

organic active layer, the organic layer sequence and a
second electrode on the first electrode;
wherein a work function at a major face of the first
electrode remote from the carrier is decreased in at least
one overlap region, in which the first region and the
second region overlap, compared with other regions of
the first electrode which are located outside the at least
one overlap region,
wherein between the step of exposing the further photo-
sensitive material and the step of removing the further
photosensitive material the first electrode is removed in
a further step apart from the second region so that the
first electrode is removed outside the second region,

wherein at least one bright region is formed in the at least
one overlap region of the first and second regions
where the first photosensitive material and the further
photosensitive material have been applied and subse-
quently removed,

wherein at least one dark region is formed in a remaining

region of the second region not belonging to the at least
one bright region,
wherein the step of exposing the first photosensitive
material is performed by illuminating the first photo-
sensitive material with a radiation to one of:
destroy the first photosensitive material or
make the first photosensitive material soluble,
wherein the organic layer sequence with the at least one
organic active layer is applied onto the main side of the
carrier,
wherein the second electrode is applied directly onto the
organic layer sequence and the organic layer sequence
is applied directly onto the first electrode, and

wherein, both in the at least one dark region and in the at
least one bright region, the first and the second elec-
trodes and the organic layer sequence are applied to the
carrier,

wherein the first photosensitive material and the further

photosensitive material are applied directly onto the
first electrode.

2. The method of claim 1, wherein the first electrode is
formed with or from indium-tin oxide, exposure of the first
photosensitive material and the further photosensitive mate-
rial is carried out with wavelengths of between 240 nm and
380 nm inclusive, and a positive photoresist is used as the
first photosensitive material and the further photosensitive
material and both photosensitive materials are developed in
the at least one overlap region.

3. The method of claim 1, wherein a thickness of the first
electrode is between 50 nm and 200 nm, and wherein the
first electrode is transmissive for radiation generated in the
organic optoelectronic component.

4. The method according to claim 1,

wherein the first photosensitive material and the further

photosensitive material are positive resists, wherein the
step of removing the first photosensitive material takes
place by ashing with an oxygen plasma and by subse-
quent rinsing with a glycol ester,
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wherein in the at least one overlap region, the first
photosensitive material and the further photosensitive
material are developed but not exposed, and

wherein the first electrode consists of indium-tin oxide.
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